Detection of illicit cocaine hydrochloride shipments can be improved if there is a greater understanding of the identity and quantity of volatile compounds present. This study provides preliminary data concerning the volatile organic compounds detected in a limited set of cocaine hydrochloride samples. In all cases, cocaine was one of the major volatile compounds detected. Other tropeines were detected in almost all samples. Low concentrations of compounds which maybe residues of processing solvents were observed in some samples. The equilibrium emissivity of cocaine from cocaine hydrochloride was investigated and a value of 83 parts-per-trillion was determined.
Sample Introduction
In all experiments, direct, cold, on-column sample introduction was used. In this method, the analytes are entrained in an inert gas and the stream is passed into the GC column. The GC column is cooled as low as required (depending on the volatility of the analytes). After sample introduction, the carrier gas is reintroduced into the GC column and the column is equilibrated for five to ten mm. Once flow equilibrium has been established, the temperature program is started. Either glass wool or stainless steel fnts were used to ensure that no particles of cocaine hydrochloride were entrained into the GC column. For the headspace and thermal desorption experiments, the entraining gas was helium. For the SFE experiments, carbon dioxide was the entraining gas.
Headspace Sampling
Preliminary Experiments. Fifty to 200 mg of cocaine hydrochloride were placed directly into a glass injection port liner for on-line GC/FTIR analysis of volatiles. Samples were purged, unheated, with helium at 2 mL/min for up to approximately four to five hr with the GC column (described in the next paragraph) at 0°C. Following sampling, analysis was performed by GC/VFIR as described in Section 2.5.
Final Conditions. The headspace from two, 50-g cocaine hydrochloride samples was sampled as shown in Figure 1 . A jar lid was modified to include two, 1/16 in. Swaglok® to 1/8 in. pipe fittings. A 53O-im i.d. capillary column was inserted into one of the Swaglok® fittings with the end of the capillary approximately 1 in. above the cocaine hydrochloride. Helium at 40 psi was introduced into the sample jar through this column. One end of a 25O-tm x 60 or 105 M fused silica capillary GC column with a 1-tm coating of crosslinked 5% phenyl-95% methylpolysiloxane was inserted through the other Swaglok® fitting to approximately one in. into the jar. For one sample, the GC column was cooled in liquid nitrogen. For the other sample, sufficient cooling was achieved using ice water. The flow rate through the GC column was approximately 2 mL/min. Headspace sampling times varied from 15 mm to 20 hr. This type of sample introduction is similar to cold, oncolumn liquid injection techniques and few sample discrimination effects are observed. In addition, thermally labile analytes can by injected using this sample introduction method. After headspace sampling, the GC column was installed into the GC/FTIR instrument. 
Supercritical Fluid Extraction
SEE was performed using an in-house built instrument as shown in Figure 2 . The extraction fluid for all experiments was carbon dioxide. Extractions were conducted at 7500 psi at a temperature ranging from 40 to 50 °C with extraction times varying from 15 mm to one hr. Under these conditions no discoloration or other signs of degradation were observed in any sample. A Varian (Walnut Creek, California) 8500 high-pressure liquid chromatography syringe pump operated in constant pressure mode was used to deliver the carbon dioxide. The extraction vessel was a Lee Scientific (Salt Lake City, Utah) extraction cell with a volume of 7.5 mL. One to three grams of cocaine hydrochloride taken from eight of the 50-g samples were each placed in an extraction vessel. A 21-tm i.d. x 10 cm uncoated fused silica capillary restrictor was connected to the extraction vessel. The restrictor was inserted directly into the capillary GC column (described above) for cold on-column injection. In this application, cocaine hydrochloride can be considered the sample matrix and the volatile compounds the analytes of interest. Supercritical carbon dioxide was used as the extraction solvent due to its unique solvating powers. Supercritical carbon dioxide is a non-polar solvent which can solvate non-ionic organic compounds such as those used as processing solvents in the manufacturing of cocaine hydrochloride. Supercritical carbon dioxide does not solvate ionic compounds such as cocaine hydrochloride, therefore, the matrix material (cocaine hydrochloride) is unaffected during the extraction. In addition, the critical temperature of carbon dioxide is approximately 31 'C, a temperature below the pyrolysis temperature of cocaine hydrochloride. After extraction, the GC column was installed either into the GCIMS instrument (four samples labeled A, B, C, and D) or the GC/FTIR instrument (four samples labeled E, F, G, and H). 
Heated Extraction Cell

Analysis Conditions
Analyses were conducted using either GC/MS or GC/FTIR. Hewlett-Packard (HP; Avondale, Pennsylvania) 5890 GC's were used with helium as the carrier gas. The mass spectrometer was an HP 5970, tuned using PFTBA and the vendor supplied autotune routine. The ETIR spectrometer was a Nicolet (Madison, Wisconsin) 740 equipped with a mercurycadmium-telluride narrow band, high gain detector (MCT-A). All spectra were collected at 8 cm1 resolution with 20 scans co-added for each data file. The velocity of the Michelson interferometer was approximately 1 cm/sec. Due to the complexity of the separation and the length of the capillary column, very slow temperature ramps were required. Several iterations occurred in order to find the optimum temperature program. The optimum temperature program for the FUR was 0°C to 120°C at 25°C/mm, hold for 10 mm, 120°C to 200°C at 2°C/mm, 200°C to 300°C at 1°C/mm with a final hold for 70 mm. The oven used in the GCIMS analyses did not have cryogenic capabilities, therefore the starting temperature was 30 °C with all other conditions being the same.
RESULTS
3,1 Headspace and Thermal Desorption Samples
Initially, it was assumed that most cocaine hydrochloride samples would have high concentrations of various solvents used during processing. Following this assumption, small (50 to 200 mg) samples of cocaine hydrochloride were placed into unheated glass injection port liners for on-line GC/FTIR headspace analysis. Few compounds were detected using this method, with those detected near or at the approximately 10 to 30 ng detection limit of the instrument (Figure 3) . Methanol, acetone, and cocaine with very low concentrations of C6 to C2 organic acids were detected. Warming the samples using the injection port heater to as high as 50°C did not change the results. When samples were heated above 70°C, pyrolysis occurred, i.e., the sample turned dark brown and large quantities (0 to 1(X) tg) of benzoic acid were observed.
Because heating the sample caused pyrolysis, increasing the sample size was deemed the best way to improve the signalto-noise ratio. The injection port liner method for on-line headspace GC/FTIR was therefore replaced by the headspace sampling method shown in Figure 1 . The sample size was increased to 1 g with only marginal improvement in the signalto-noise ratio. Sample size was further increased to S then 50 g (the entire sample). Figure 4 shows the GC/FTIR chromatogram from a 50-g sample. Cocaine was the major compound observed in the initial 90-mL purge headspace sample. Methyl ethyl ketone, a possible processing solvent, was also present along with a series of other, higher molecular weight ketones (not visible in the figure due to their low concentration relative to the other species present). The sample was quickly exhausted and did not appear to regenerate. As shown in Figure 4 , both methyl ethyl ketone and cocaine are removed from the sample using only a 90-mL purge. The cocaine observed in a subsequent 900-mL purge, is lower in concentration by almost two orders of magnitude. The higher molecular weight ketones are observed in both the 90-and 900-mL purge samples at approximately the same concentration. A further purge of 3200 rnL was performed with only traces of the higher molecular weight ketones detected.
The amount of volatiles removed from the cocaine hydrochloride using the headspace analysis method of Figure 1 with a 50-g sample weight was on the order of 10 to 1000 ng/g sample. Cocaine was the major component with an approximate concentration of 1000 ng/g sample. From these observations it was assumed that the solvent volatiles expected to be present at higher concentrations were either not present or were being trapped by the cocaine hydrochloride matrix and were not being released during simple headspace/low temperature thermal desorption sampling. Because higher temperature thermal desorption could not be used due to pyrolysis, another method was used to remove the volatile components. SFE was selected due to its unique solvating powers at temperatures below the pyrolysis point for cocaine hydrochloride.
Supercritical Fluid Extraction
The most complex GC/MS analysis of an SFE extract of cocaine hydrochloride is shown in Figure 5 . Cocaine (benzoylmethylecgonine), tropacocaine (benzoylpseudotropeinc), "propyl"cocaine (benzoylpropylecgonine) and 2-carbomethoxytropanoic acid were major compounds extracted. These compounds all contain the basic tropane structure with only modifications of additional groups attached at various locations on the tropane ring. The only known natural occurrence of these compounds is from coca plants. Therefore, any of' these compounds could be used as direct evidence of cocaine production, transportation, etc. Other compounds detected in the SFE extract by GC/MS include dioctyl phthalate, phenacetin, and acetic acid. Dioctyl phthalate is a common plasticizer. The most likely reason for its presence is that the cocaine hydrochloride sample was wrapped in plastic or placed in plastic bags during shipment. The presence of phenacetin and acetic acid is not as well explained. During the natural syntheses of cocaine, phenacetin is produced. This suggests that it could be a common impurity in cocaine hydrochloride samples, but this was not the case. Phenacetin was observed only in some of the samples. Acetic acid, on the other hand, was observed in almost all of the samples. It is not known to be a natural product in coca plants or known to be used in the routine production of cocaine hydrochloride. Figures 6 and 7 show the GC/MS and GC/FTIR analysis results, respectively, for the eight cocaine hydrochloride samples extracted by SFE. Cocaine is a major component in all of the extracts, and in some cases accounts for over 90% of the volatiles detected. Various tropeines were detected, however, their variations from sample to sample are not obviously correlated to any known factor. Some cocaine hydrochloride samples had distinctive odors. Figure 6D is an example of a "woody" smelling sample. The major component of the SFE extract was cocaine, followed by phenylpropionic acid. Figure  6B shows the GC/MS analysis for the SFE extract of the lowest purity cocaine hydrochloride sample (61 wt%). Again, the major volatile was cocaine. The concentration of cocaine varied between 1 and 50 jig/g sample. The concentration of acetic acid varied between 10 and 500 ng/g sample. The concentrations of various tropeines varied between 0 and 100 j.tg/g sample.
The presence of processing solvents was further investigated by GC/MS. Figure 8 shows a single ion plot at m/z 71 for the SFE extract of sample C. A series of alkanes was detected with concentrations between 100 and 500 pg/g sample. These alkanes may be residues of a kerosene processing solvent. No alkane series were detected in any other sample. 
SUMMARY
The most common major volatile compound present in all samples was cocaine. Other tropeines were also observed in many samples, but usually at lower concentration than cocaine. Some processing-type solvents were detected in a few samples, but their concentrations were always lower than cocaine. In addition, acetic acid was detected in almost all samples. The emissivity of cocaine from the cocaine hydrochloride matrix was investigated and an approximate value of 83 ppt (100 pgfL) was determined. These results are for a limited sample set of cocaine hydrochloride samples, and may not be 
